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Acrylic Enclosures For Flameproof 
Lighting Equipment 


By P. H. COLLINS (Member) 
and W. E. HARPER, B.Sc. (Eng.), Ph.D., A.M.I.E.E. (Member). 


Summary 


Many of the flameproof lighting fittings used in the large-scale coal-face 
lighting trials have enclosures made of the acrylic plastic polymethyl 
methacrylate. 

This new material has characteristics which are very different from those 
of the toughened glasses more generally used in flameproof equipment, and it 
has been necessary to evaluate its relevant properties. 

The research work described in this paper covers investigations of 
mechanical, thermal, optical and physical properties of methacrylate, and 
the effect of various factors on these properties. 

Performance data have been obtained which should enable the drafting 
to commence of a new British Standard Specification governing the design 
of methacrylate enclosures for flameproof lighting fittings. 


Contents 
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(2.3) Thermal Tests. . 
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(2.3.5) Thermal Shock Tests. ment of Methacrylate 
(2.3.6) Thermal Expansion. Components. 





(1) Introduction 


In a paper presented to this Society three years ago, Graham (!) reviewed the de- 
velopment of mine lighting in this country. At almost the same time new experi- 
ments in coal face lighting were started by the National Coal Board. Small low- 
wattage tubular fluorescent lamps with high light output, good colour, long life and 
low source brightness made possible a fresh attack on this difficult project in illumina- 
ting engineering. 

The introduction of fluorescent lighting required the design of new types of flame- 

The manuscript of this paper was first received January 19, 1950, and in revised form February 7, 1950. 


The authors are with Imperial Chemical Industries, Ltd., Plastics Division. The paper was presented at a 
meeting of the Society held in London, March 14, 1950. 
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proof fittings whose transparent or translucent enclosures would have to satisfy 
stringent mechanical requirements. The shape of some of these enclosures made the 
use of toughened glass difficult, and other materials were considered. 

Polymethyl methacrylate* (2) was now being incorporated in the construction of 
many lighting fittings (3), and it was thought that this acrylic plastic might be suitable 
for use in flameproof units. 

‘ From general knowledge of the material’s properties it was appreciated that it had 
some limitations, but these were not fundamental and experiments were started. 

There was insufficient time before the first units were scheduled for trial, to cary 
out more than a few empirical tests. These tests suggested that with correct design 
methacrylate enclosures formed from j-in. thick sheet would be sufficiently strong, 
and a considerable number of flameproof fluorescent lighting fittings with methacrylate 
covers are now operating. Two fittings are shown in Figs. la and 1b. The progress 
of the coalface lighting trials has been described from time to time by Crawford and 
others (4). 

It was, however, evident that the introduction of methacrylate, having different 
properties to those of the toughened glasses hitherto used, would demand a systematic 


Fig. 1. (a) Mine lighting fitting with shaped (b) Mine lighting fitting with methacrylate 
methacrylate dish enclosing fluorescent lamp. tube enclosing fluorescent lamp. 


investigation into the behaviour of the material before its use in mining equipment 
could be officially approved. The work described in this paper is a contribution to 
that evaluation. Experiments have been made to determine the mechanical, thermal, 
optical and physical characteristics of methacrylate relative to its use in flameproof 
equipment. 


The research has a double object : 
(i) To provide data for a new British Standard Specification, similar to B.S. 889 
dealing with the use of methacrylate in flameproof lighting fittings. 
(ii) To provide information for fitting designers, manufacturers and users. 


The work described in this paper is exploratory, and additional tests are being 
made to determine performance data for selected fittings. The information derived 
from this second series of tests should supplement and complete that given here an 
will be communicated later. 


(1.1) Scope of Tests 
When planning the investigation it was decided to base the work on the presetl 
versions of B.S. 889 and B.S»229. - It is assumed that any material used for the et 
closures of flameproof fittings must satisfy the tests of these or similar specification 
However, remembering that both specifications are concerned with Lia co 


* Polymethy! methacrylate is an acrylic plastic available in this | country under ‘the trade name ** Perspet. 
Data given in this paper are for this product only ; other varieties may have somewhat different characteristic 
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ponents, it was inevitable that this research should point to amendments and alterations 
necessary in any parallel specification for methacrylate. € 

Work has been limited to Group I (B.S. 229) equipment, for at present it is recom- 
mended that methacrylate enclosures should be used only in flameproof fittings de- 
signed for this group. Extension of use to Group II equipment will demand study 
of the effect of paint solvents on the material. 

One difficulty of the investigation has been limiting to reasonable numbers the 
shapes and sizes of components tested. Choice was inevitably arbitrary, but was 
based on testing facilities and on the information required. Tests have been restricted 
to cast discs and to shaped spherical domes (5), the diameters of the components rang- 
ing from 5 to 13 in. and their thickness from } to} in. All work has been carried out 
using unplasticised material as this has better thermal properties than the plasticised 

de. 
™ Future fitting designs may call for methacrylate prismatic refractors which can be 
produced either by machining or by high pressure moulding. Moulded prismatic 
components will have considerable internal strain and the data given in this paper for 
simple shapings should not be applied to such refractors until further tests have been 
made. 


1.2) Characteristics and Varieties of Methacrylate Sheet 


Methacrylate sheet is currently produced in the sizes listed in Appendix I, which 
includes the thickness tolerances. Designers should note these tolerances. The 
strength of methacrylate components is closely related to their wall thickness and this, 
in turn, depends in part on the original sheet thickness. Calculations should be based 
on the lower tolerance thickness of sheets and not on their nominal thickness. 

Of the many optical varieties of methacrylate sheet now available, the colourless 
transparent variety and two high transmission opal grades are of interest for use in 
mine lighting fittings. The inclusion of scattering particles in the clear base material 
to produce opal methacrylates does not sensibly affect the thermal and mechanical 
properties of the material, so that the test results obtained for clear sheet are true also 
for the opal varieties. 

The behaviour and properties of materials derive from their atomic and molecular 
structures. The rigid three dimensional net structure of the inorganic glasses is quite 
different to the structures of the acrylic thermoplastics (®). _Polymethyl methacrylate 
is built up from long chain molecules of varying length loosely tangled together. 
Variations in strength of the cast material when tested under similar conditions are 
due largely to variations in the average chain length of the molecules. Control of 
production processes is now sufficiently good to make such variations small, and in 
practice their effect on properties will be masked by the effect of other variables such 
as those introduced during shaping. 

Methacrylate is a pure chemical, so differing again from the inorganic glasses which 
are made in many different compositions with different properties. 

It is for reasons such as these that design data for glass cannot be applied in the 
design of methacrylate components (7), for which information such as that derived 
om these present tests is needed. 


(2) Experimental Investigation 

2.1) Design of Experiments(®) 
_ Evaluation of a material for use in flameproof lighting fittings requires deter- 
nation of mechanical, thermal, optical and physical properties and the investigation 
‘divided into these four major groups. Although these groups are interlinked—both 
¢ thermal and optical properties are governed by mechanical requirements—each 
«tion is complete in itself. 

Statistically designed tests are always desirable, but they make heavy demands 
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on labour, time and materials and in this present work were not practicable. Mog 
tests have, however, been made under controlled laboratory conditions, so that even 
where the number of samples tested was small, the difference between the results 
obtained and the true mean should not be large. 

No attempt has been made to trace or record the history of individual samples, 
The methacrylate sheets used were drawn at random from stock over a period of 
eighteen months, and the results may be taken as covering all variations likely to occur 
in practice. 


(2.2) Mechanical Tests(9) 
(2.2.1) General 


Optical components for flameproof fittings must first satisfy the mechanical 
requirements governing the use of these fittings. It is only within the limits of design 
laid down by these mechanical requirements that the designer can devise systems of 
optical control and meet the demands of limited temperature rise. For this reason 
determination of the mechanical behaviour of methacrylate had priority in this 
investigation and to a large extent controlled the optical and thermal tests. 

Coalface lighting fittings must be able to withstand both impact blows from 
flying rock during shot firing, and the explosion of methane/air mixtures within 
the fitting. Four preliminary comments are relevant when methacrylate enclosures 
are used. 

First, these impact and explosion forces will usually be applied to enclosures in 
which some internal strain was set up during shaping and some thermal strain is 
caused by the differential expansion between the methacrylate shaping and its metal 
housing as the fitting warms in operation. 

Second, both forces are applied very rapidly, so that the test time-scale is very 
short. 

Third, the time during which enclosures are likely to be loaded by these forces 
1s very short compared with the operating life of the enclosures. 

Fourth, we are concerned with the rupture of the material, i.e., with its ultimate 
strength, which is more difficult to study than its behaviour under lesser loads. 
Knowledge of the material’s behaviour at stresses less than the breaking stress is none 
the less important, for it enables us to design within the “ safe ” limits of the material. 

By using the new experimental techniques of strain analysis it should be possible 
to calculate the strains produced in mining fittings by impact and explosion forces 
and to predict the performance of any material whose behaviour under load is known. 
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Strain analysis is outside the scope of this paper, which does, however, point some 
lines of needed research. 

As a prelude to the detailed investigation of methacrylate under impact and 
explosion, we may consider how the material behaves when loaded in tension, and 
what factors are likely to affect its mechanical properties. 

The response of methacrylate to stress at room temperatures can be represented 
diagrammatically by the strain-time curve of Fig. 2, in which the deformation is 
divided into three parts corresponding to different changes in the molecular structure: 


(i) When the tensile load is applied, the angles between the carbon atoms in 
the chain molecules change instantaneously, and a small reversible elastic 
deformation takes place. This instantaneous elastic deformation dominates 
the behaviour of the material at room temperature and in experiments 
whose time-scale is short, and so will largely determine the behaviour of 
methacrylate when stressed by impact and explosion forces. 

If the load is maintained, not only will the angles between the carbon atoms 
distort, but the tangled molecular chains will begin to uncoil and dis- 
entangle. When this occurs very large distortions can take place over 
an appreciable time. These distortions are also reversible, although 
recovery is delayed. The amount of this slow distortion depends both on 
the time of test and on the temperature of the material during test. Dis- 
tortion increases both with increase in temperature and with increase in 
the time under load. 

Finally the chains, already stretched and disentangled, may, under 
sufficiently large loads, slide over one another to give yet another increase 
in deformation. This is “flow” and is irreversible. Under normal operat- 
ing conditions flow and permanent set of methacrylate are rarely important. 


This general behaviour of the material may be modified by a number of factors, 
of which the most important are:— 
(i) The time-scale of the test; 
(ii) The temperature of the material during test; 
(iii) Water absorption by the material; 
(iv) The molecular orientation of the material. 


In the preceding discussion, the importance of both time-scale and temperature 
was noted. 


(i) The short time-scales of both impact and explosion tests mean not only 
that we are primarily concerned with the behaviour of methacrylate under 
elastic strain, but also, since the material will be loaded for an insignificant 
time compared with its operational life, that we can assume a working 
stress which is near to the ultimate stress. This contrasts with conditions 
in aircraft practice, where components are stressed for long periods and the 
working stress must be taken as much less than the ultimate stress 
determined at normal test rates. 

The surface temperature of flameproof fittings is allowed to rise to 
85 deg. C., i.e., 50 deg. C. temperature rise above an upper ambient tem- 
perature of 35 deg. C. Operation of methacrylate enclosures at such 
raised temperatures has an important effect on their behaviour. The 
mechanical strength of glass is maintained up to its annealing temperature, 
and consequently the effect of temperature on mechanical strength did not 
have to be considered when drafting B.S.889. This constancy of the strength- 
temperature relationship does not apply to methacrylate, however. In 
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common with many thermoplastics, the mechanical properties of the 
material change markedly with temperature over the range 0—85 deg, C, 
and in these tests account has had to be taken of the variation in impact and 
tensile strength with temperature. 
When methacrylate absorbs water its mechanical properties change, but 
the changes are very small compared with the changes due to variations in 
temperature. This is a consequence of the low water absorption of the 
material which is only 1.0% after total immersion for 40 days. Absorbed 
water acts as a plasticiser and so increases the impact strength of methacry. 
late and lowers its tensile strength. Mine lighting fittings sometimes operate 
in air whose relative humidity is as high as 80%; occasionally the air is 
saturated. As the effect of this absorbed water on the mechanical properties 
of enclosures is only of secondary importance, it has not been examined 
in detail during the present investigation. 

Lastly we have to consider the effect of molecular orientation on the tensile 

and impact properties of methacrylate. In cast sheet the chain molecules 

are in their preferred state, coiled and tangled and almost wholly unoriented. 

During shaping at high temperatures the chains are stretched and oriented, 

and this change in structure changes the properties. The material is no 

longer almost isotropic. Present theoretical knowledge is too limited to 
allow development of a quantitative relationship, but we may expect the 
following qualitative effects: 

(a) In the direction of stretch, and so of molecular orientation, the 
ultimate tensile strength will increase beyond the value for the 
unoriented sheet; in the direction at right angles to the stretch, the 
tensile strength will be less than that of the unoriented material. 

(b) There is an increase in impact strength in the same direction as the 
stretch, and a decrease at right angles to it. 

Mine lighting fittings may use either cast methacrylate sheet or shaped 

components and we must expect some difference in mechanical behaviour 

between them. Here again, however, the effect due to molecular orientation 
is small compared with the time and temperature effects. 


This summary of the qualitative behaviour of methacrylate under load provides 4 
context for the pues mechanical tests described in the sections which follow. 


” 


When testing plastic materials it is usual to “condition” the samples prior to 
testing by storing them for specified times in air of controlled temperature and 
humidity (1°). Conditioning was not carried out in the present tests for two reasons: 
(a) Due to the slow rate of water absorption of methacrylate, the time needed to bring 
specimens to a stable state would be very long; (b) Such variations in moisture content 
of methacrylate as occur in ordinary atmospheres have very little effect on the pro- 
perties of the material and will be masked by other variables. As stated earlier, speci: 
mens were cut from sheets drawn at random from stock, and the test results cover the 
variations met in practice, including variations due to changes in atmospheric tempera- 
ture and humidity. 


(2.2.3) Impact Tests 

Probably the greatest risk of failure of coalface lighting fittings is the risk of 
breakage of the transparent covers during shot firing. Although protective metal 
shields are sometimes used, it is essential that the covers themselves should be able to 
withstand the impact of flying rock. 

Impact test clauses are included in B.S.889, but their purpose is to allow glass 
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manufacturers to differentiate between batches of annealed and toughened glass, and 
the prescribed tests are not necessarily related to conditions in service. In the authors’ 
opinion the omission of an impact test designed to assess service performance is a 
defect of the existing specification. 

There is a vast amount of general information on impact testing available, but 
methods and conditions of test are so varied that it is difficult to correlate and apply 
the data. It does seem, however, that the form of test adopted in B.S.889 will yield 
the most useful results for mining equipment and that any future investigations should, 
like the present work, be founded on this test. 

(i) Method of Testing: “i 3. ait us 

In a very valuable review of impact testing, Lethersich’ (1!) suggests that when 
possible the statistical method of test developed by Church and Daynes ('2) should be 
used. While there seems little doubt that this single blow method will yield the fullest 
and most accurate data, it is extravagant both in material and time. For the present 
work the increasing blow method was adopted. The hammer, of constant weight, is 
released from a succession of increasing heights until the specimen fractures. Then 

Impact Strength = Weight x Breaking Height, 
the results being given in inch-pounds. 


With the repeated blow method of test there is the risk of error caused by fatigue 
of the material, but the authors’ experience confirms that of other investigators (!3) that 
the fatigue factor of methacrylate is not important. 


(ii) Apparatus : 

At the start of these experiments an impact testing machine was built similar in 
design to that described in Appendix A of B.S.889. Preliminary tests showed, however, 
that modifications were needed before reproducible results could be obtained and a 
series of tests was made to determine the effect of various factors on the recorded 
impact strength of similar specimens. 

It was found that the major errors were caused by the method of mounting the 
specimens and the design of mounting frame. Use of hardwood supports and angle 
iron framing made the assembly slightly resilient and not only gave errors in the mean 
impact strengths measured, but also gave a wide scatter of results. Tests have shown 
that for reproducible results rigid support of specimens is essential, and this was 
achieved by using an independently mounted heavily braced anvil of 1 in. steel plate. 
The specimens are seated in steel rings bolted to this anvil and are held in position by 
three quick-acting clamps; the hammer suspension and magnetic release mechanism 
have been separated from the anvil assembly. 

Other possible sources of error investigated include hammer string tension, in- 
correct hammer swing radius and specimen clamping pressure, but within reasonable 
test limits any errors due to these factors are too small to be detected by this apparatus. 

An estimate of the overall experimental errors of the machine was obtained by 
testing 20 5-in. diameter 3-in. thick methacrylate discs taken from five sheets, giving 
the following result:— 


Number of Specimens tested = 20 

Mean impact strength 56 in.-lb. 
Range of impact strength 52-60 in.-Ib. 
Standard deviation 2.47 


The results include variations associated with the specimens as well as those of 
the machine, and indicate that the accuracy is sufficiently good for approval of the 
apparatus for testing the enclosures of mine lighting fittings. 

This modified apparatus is shown in Fig. 3. Its use means that the test conditions 
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Fig. 3. Impact testing 
machine. 


of this investigation differ from those laid down in B.S.889, but the changes made art 
held to be justified by the need for consistency of experimental data. The new tes 
conditions, with completely rigid mounting of the specimens, are more severe that 
those of the specification. All impact tests in this work were made on this apparatus. 

In spite of the satisfactory performance of the machine, operation is slow and 
trials are being made with a new machine designed to give the same performance con 
bined with greater ease of operation. 


(iii) Mode of Fracture of Methacrylate: 

The fracture of cast methacrylate sheet differs from the fracture of component 
made by stretching the sheet. Cast sheet fails under bending stress and has multipk 
crack fractures radiating from the point of impact (Fig. 4a), failing being precede 
by “crazing” of the surface (Fig. 4b). Similar crack fractures are typical also dl 
pressed components where material feeds in during pressing. When, however, shed 
is considerably stretched during shaping, as in blowing or vacuum forming, thé 
hammer head punches a hole through the shaping and damage is limited to a smal 
area immediately round the hole (Fig. 4c). There is no crazing before this type 0 
failure, but “ flaking” of a small area of material occurs immediately behind the poitl 
of impact (Fig. 4d). 

This difference in fracture means that it is not possible to relate fracture data! fol 
cast components to data for many types of shaping or to correlate data for similaf 
shapings made by different techniques. Where the shape is complex the amount j 
stretching will vary considerably over a single component, so further complicating 
prediction of performance. Each shape will require test before approval. 
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Fig. 4. (a) Impact 
fracture of methacrylate 
disc. 


(b) ‘Crazing* of meth- 

acrylate immediately 

preceding fracture by 
impact. 


(c) Impact fracture of 
blown methacrylate 
dome. 


(d) ‘Flaking’ of blown 

methacrylate dome 

immediately preceding 
fracture by impact. 


(iv) Consistency of Material: 

Knowledge of the expected variation in impact strength of similar components is 
as important as knowledge of their mean impact strength. An indication of the very 
good consistency to be expected with methacrylate components has been given by the 
results quoted in section (ii), and these results will be confirmed by later data. 

There is a significant difference here between the behaviour of methacrylate and 
toughened glass. Although cast methacrylate sheet has a rather higher mean impact 
strength than toughened glass of the same dimensions, the order of the mean strengths 
is not greatly different. The significant difference lies in the scatter of individual results 
about the mean, i.e. in the consistency of the materials. As one would expect from 
the nature of the product, impact fracture values of toughened glass show considerable 
variance (14), The variance in impact strength of similar specimens of cast methacry- 
late, on the other hand, usually lie within the limits of experimental error. This differ- 
ence in behaviour of the two materials is illustrated by the experimental data given in 
Table 1, and should be noted by designers. 

We would expect the variances of shaped methacrylate components to be some- 
what larger than those of Table I as dimensional variations due to the shaping process 
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Table 1. 
Variation in Impact Strength of Cast Methacrylate and Toughened Glass Discs. 





Nominal | Impact Strength 
Thickness 
of Specimen | Cast Methacrylate 


Diameter 
of Specimen 


Specimen 
Number 





| 
| 
| 


Toughened Glass 


9 in. | in. | 36 in. Ib. | 24 in. Ib. 
nc . 20 
ie 24 


” 


76 in. Ib. | 40 in. Ib. 
60 «.;, | 40 
3 56 


52 in. lb. 40 in. lb 
ot 84 
ae? 68 


100 in. Ib. 72 in. Ib 
oe ,, 116 
ioe ,, 124 


are now added to variations inherent in the material itself. Given care in manufacture, 
however, such variations are small. 


(v) Effect of Hammer Velocity at Impact on Impact Strength: 

The test conditions of B.S.889 imply that the velocity of the hammer at impac 
does not affect the impact strength within the range of velocities covered by th 
test. The truth of this supposition for methacrylate has been checked. The weigh 
of the hammer was altered from 4 Ib. to 34, 3, 24, 2 and 14 Ib. successively, and the 
height for fracture determined with each hammer weight for 5-in. diameter discs of 
both 3-in. and 4-in. thickness. The results are in Table 2. 

The constancy of impact strength with changing weight and velocity of hammer 
suggests that within the experimental limits of the test the velocity of the hammer 


Table 2. 
Effect of Velocity of Hammer on Impact Strength. 


Mean 


Jise Salenacc | rs P 
Disc Thickness Weight of Hammer Impact Strength 


% in, 4 Ib. 56 in. lb. 

7 hs 56 

‘a Jee 57 
23, 55 


4 Ib. 28 
_ 28 
er 27 
2, 27 
"ie a 
git 25 
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at impact does not significantly affect the impact strength of methacrylate. This result 
may not be valid at higher velocities (5), and it would be valuable to have some idea 
of the velocity of rock fragments after shot blasting. 


(vi) Effect of Diameter of Hammer Head on Impact Strength: 

Another variable associated with impact testing and not covered in B.S.889 is 
the effect of variation in diameter of the hammer head on the impact strength. It 
seemed likely that enclosures which would survive a given blow from the specified 
|-in. diameter hammer would fracture if struck with equal energy by a more sharply 
pointed hammer. This possibility was checked by making a series of tests with the 
4-lb. hammer fitted with heads of 1-in., 4-in., 4-in. diameter, and finally with a 60 deg. 
conical-pointed head. Trials were made on 5-in. diameter }-in. thick discs to give the 
results summarised in Table 3 :— 


Table 3. 


Effect of Diameter of Hammer Head on Impact Strength. 








Standard 
Deviation 


Diameter of Number of Mean Impact | 
Hammer Head Specimens Strength 
9 56.9 in. Ib. | 3.3 

oe 9 Ce 0 
. 10 64.4 ,, 2.3 
Conical Point 10 eee: ; 5.3 


\-—- | — — a 
| 
{ 














The trend of the results is opposite to that expected. Instead of a decrease in 

impact strength accompanying the decrease in radius of hammer head, the impact 
strength increases. The rise in impact 
strength when a sharply pointed head 
is used is particularly interesting. 
This may be due to the very high 
stress concentration at the point of 
impact causing local softening and 
displacement of the methacrylate with 
rapid damping of strains, giving a 
small bending force. The photograph 
(Fig. 5) of the “pit” where the 
pointed hammer struck a disc shows 
this displacement of material. 


(vii) Effect of Temperature of Test- 
ing on Impact Strength: 

As the enclosures of lighting 
fittings will usually operate at raised 
temperatures, a full investigation of 
the impact strength of methacrylate 
would include tests made at tempera- 
tures up to the maximum permitted 
temperature. The practical difficulties 
involved in the test are, however, con- ; i 
siderable and there has not been time Fig. 5. Methacrylate disc after impact blow near 
to undertake this work. In any event fracture strength with pointed hammer. 
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such changes as may occur would be positive, i.e., the impact strength will increase 
with rise in temperature. 


(viii) Effect of Heating and Annealing of Material on Impact Strength: 

The results of some softening point tests made on cast methacrylate suggested 
that its impact strength might be changed by the heating cycle through which it jg 
taken prior to shaping, and that it might be possible to raise the impact strength of 
the material by suitable heat treatment. 

Preliminary tests confirmed this suggestion, but showed that significant changes 
in impact strength of the cast material occurred only after treatment at temperatures 
above 120 deg. C. 

Changes in impact strength resulting from heating in a convection oven 5-in, 
diameter }-in. thick discs at temperatures of 140-170 deg. C. for different periods 
of time were then investigated, and gave the curves of Fig. 6. Two important 
consequences follow. 

First, heat treatment for periods up to 1 hour at temperatures from 140 deg. C- 


=e Ws A ie 


x---« 180°C 
sind . 170°C 
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Fig. 6. Variation in 

impact strength of meth- 

acrylate with heat treat- 
ment. 
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170 deg. C. gave a 30 per cent. increase in the impact strength of these components. 
This is a worth-while gain in strength, but as this work is only preliminary, it is 
recommended that the process should not be adopted until more work has been done. 
In any event, it is not possible to improve the impact strength of methacrylate 
shapings by this heat treatment as demoulding will occur. Annealing treatments at 
temperatures of 65-70 deg. C. for periods as long as 64 hours did not result in a signifi- 
cant improvement in strength. 

Second, if during heating for shaping, blanks are left in the oven for prolonged 
periods there may be a disastrous fall in impact strength. The period of heating 
which the blanks will stand before degradation commences varies with the tempera 
ture, the thickness of blank and type of oven. Because of these variables, definite 
recommendations cannot be laid down, but the danger resulting from overheating 
should be noted by shapers. 


(ix) Impact Strength of Selected Methacrylate Components: 
In the supplementary experiments mentioned in the introduction to the present 
paper, impact tests are being made on a wide variety of methacrylate enclosures, 
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including cast components of varied dimensions, cast and fabricated tube and a range 
of shapings. It is hoped that the results of these tests will give sufficient guidance 
for the design of many types of fittings. In the meantime data is available on the 
impact strength of discs with various diameters and thickness and is listed in Table 4. 


Table 4. 
Impact Strength of Methacrylate Discs. 


Diameter of Thickness Number of Mean Impact Standard 
Disc (Nominal) Specimens Strength Deviation 


5 in, } in. 8.3 inch-lb. 0.3 
ine, 0.2 
26.4 a 2.2 
lS ns 1.1 
eo | , 6.6 
16.8 ~ 1.8 
a0 C= 2.8 
au. 5; 5.2 
9.2 ~«( 3.4 

132.2 ; 7.2 
30.0 2.4 
58.4 7.8 
99.2 7.7 

142.6 








” 


si 
B 


5 








BI ne BP copes coco SH” ape SI cabs tobe orks ae SH 
aAaannanaananaaanaaan»n 














(2.2.4) Static Hydraulic Pressure Tests 

Flameproof apparatus must be able to withstand an internal explosion without 
failure and without igniting an external explosive atmosphere. Internal explosion 
tests, however, unless carried to destruction, do not indicate the safety factor of the 
apparatus and it is not convenient usually to carry out destructive testing. It is 
therefore customary to subject equipment to hydraulic pressures considerably greater 
than the maximum pressure developed during internal explosion of the appropriate gas 
mixture in the apparatus. B.S.889 requires that all glasses for use in flameproof lighting 
fittings shall be tested in this way by the manufacturer. The specified pressures for bulk- 
head and well-glasses vary with size of glass from 100-150 p.s.i. 

This requirement implies that the strains produced by slowly applied hydraulic 
pressures are equivalent to those produced by the rapidly applied pressures generated 
in explosions, and tests made by the Safety in Mines Research Board indicate that 
this assumption is probably true for metal enclosures. Whether it is true for 
methacrylate shapings remains to be, proved. The importance of the time-scale >7f 
such experiments on the mechanical properties of this material must be remembered, 
and here we have a time-scale ratio between the two experiments of about 1,000: 1. 

Static hydraulic tests are being made on selected methacrylate components in the 
second investigation and results will be included in the later report. As an introduction 
to these tests the behaviour of the material under slow loading has been studied. 


(i) Mechanical Properties at Normal Temperatures: 

Although methacrylate does not obey Hooke’s law in the sense that there is an 
appreciable region where the stress is proportional to the strain, the material is truly 
elastic up to 2 per cent. strain, and elastic theory can be applied to its behaviour if 
langent moduli at the origin are known. At normal temperatures fracture apparently 
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takes place by crack propagation, but at temperatures above 45 deg. C. failure is by 
plastic flow. Failing stress is then taken as stress at maximum load. 

Table 5 gives experimental results for various mechanical properties of cast 
methacrylate tested at 25 deg. C. An Avery testing machine was used for the tensile 
tests, in which the specimens were of 4-in. x 4-in. section. Other tests have shown 


Table 5. 
Mechanical Properties of Cast Methacrylate at 25 deg. C. 





| 
Straining No. of Mean Standard 


», pe r 
Property Rate Specimens Deviation 








0.01 in./min. 
Maximum Load Point ... 0.05 “a 


| 
7736 p.s.i. 
| 
Tangent Modulus at Origin | 0.01 in. /min. 
| 
| 
| 


8703 p.s.i. 169 
4.31 x 10° p.s.i. | 0.109 x 105 | 
4.70 x 10° p.s.i. | 0.104 x 105 
3.65 x 10° p.s.i. | 0.077 x 108 
4.01 x 10° p.s.i. | 0.091 x 105 | 
3.70% 0.35% 
4.50% 0.41%, 
1.57 x 10° p.s.i. _ 
0.359 0.018 


0.05 

0.01 in./min. 
0.05 in. /min. 
0.01 in. /min. 
0.05 in. /min. 


| 1 per cent. Secant Modulus* 





| Elongation at Fracture or at 
Maximum Load Point ... 
| Shear Modulus 
Poisson’s Ratio 


[paar eee 


to 
— 











* 1 per cent. Secant Modulus = Stress at 1 per cent. strain/1 per cent. strain. 


that the mechanical properties are independent of the thickness of sheet from which 
the specimens are cut. 

The number of specimens tested was not large, but the scatter of the results is 
small, pointing again to the high consistency in mechanical properties of methacrylate. 


(ii) Variation in Mechanical Properties with Temperature: 

The change in mechanical properties of methacrylate with change in temperature 
has been discussed in general terms earlier in the paper. Experimental data are given 
in Fig. 7, which shows the variation of (a) stress at fracture and (b) tangent modulus 
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with temperature. The 1 per cent. secant modulus and the shear modulus vary in a 
similar way to the tangent modulus, while Poisson’s ratio is substantially constant over 
the temperature range — 20 deg. C. to + 50 deg. C. 


(2.2.5) Explosion Tests 

Before flameproof lighting equipment is approved, one sample of each fitting 
must be sent by the manufacturer to the Safety in Mines Research and Testing Branch 
of the Ministry of Fuel and Power who carry out statutory internal explosion tests 
on the fitting. These tests are described in Appendix B of B.S.229. 

When this work on methacrylate enclosures began, little information was available 
as to how the material would behave when stressed by explosive forces. The Safety 
in Mines Research Branch was approached and agreed to carry out tests on metha- 
crylate components. The results are summarised in this section and the authors 
acknowledge the assistance given by the Safety in Mines Research and Testing Branch 
of the Ministry of Fuel and Power, and thank the Director of Research for his 
permission to use these results. 

When an explosive mixture of gases inside a fitting is fired, stress in the different 
womponents is determined partly by the maximum pressure developed and partly by 
the rate of pressure rise. For a given gas mixture the pressure developed is a 
function of the shape and size of the fitting. The influence of shape of fitting on 
developed pressure is illustrated by the pressures recorded during internal explosions 
of 9 per cent. methane/air in two fittings of different shape. The first fitting had a 
\0-in. diameter hemispherical cover and developed a maximum pressure of 78 p.s.i. 
The second fitting was the elongated dish fitting shown in Fig. la, and with this, using 
the same gas mixture, the maximum pressure was only 38 p.s.i. 

Tests were first made on a fitting with a domed methacrylate enclosure blown from 
}in, sheet and the results indicate how the material behaves when stressed by internal 
explosion. In the first test, using 9 per cent. methane/air mixture the maximum 
pressure recorded was 57 p.s.i. and overload tests were commenced. At a pressure 
of 76 p.s.i. failure occurred, the dome tearing at its root. There was almost no radius 
at the outside junction of dome and flange and as a consequence it was suspected that 
high strain concentrations were present in the fracture area. Examination by polarised 
light of a section taken from a similar dome confirmed this suspicion and new domes 
were blown having a root radius of }-in. These domes had a much reduced strain 
concentration at the flange-dome junction and also an improved cross-section. Tests 
fo destruction were now made. The maximum pressure recorded when the standard 
methane/air mixture was exploded was 71 p.s.i. and by using increasingly explosive 
mixtures overload pressures of 75, 82, 91, 96, 103, 106, 110, 113, 118 and 123 psi. 
were recorded without failure. At 128 p.s.i., however, the cast-metal body of the 
fitting fractured and the test had to be concluded. 

Experiments have also been carried out to determine how methacrylate enclosures 
behave under explosion at raised temperatures. Remembering the effect of high 
temperatures on the tensile properties of the material, these tests are most important. 
They were made at 85 deg. C. using the dish fitting of Fig. 1a, whose methacrylate 
enclosure had been vacuum formed from }-in. sheet. The initial maximum pressure 
recorded during explosion of 9 per cent. methane/air was 38 p.s.i. and this was raised 
in steps up to 104 p.s.i. without failure or distortion of the cover. At 104 p.s.i. the 
metal retaining ring failed and broke the back of the shaping. The physical properties 
of methacrylate at raised temperatures suggest that, in spite of decrease in tensile 
‘ength with increase in temperature, the behaviour of enclosures under stresses 
snerated by internal explosion should be good, and these test results support this 
supposition. 

The very strength of the enclosufes tested has severely limited the amount of 
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information which can be derived from the experiments and new tests are being mak 
using domes shaped from thinner material. 


(2.2.6) Discussion of Results of Mechanical Tests 

These test results emphasise the difference in behaviour between glass anj 
methacrylate components when stressed. Methacrylate is a new material and require 
new design techniques. The change in mechanical properties with rise in temperatur 
is one important characteristic; the consistency of its mechanical properties is another. 
It would seem, too, that methacrylate is more sensitive to the time-scale of the tes 
than glass, but is much less sensitive to flaws and surface defects. 


(i) Impact Tests: 


It would seem to be desirable, and indeed necessary, to include protective impact 
tests in any specification governing the use of flameproof lighting fittings which may be 
operated at the coal face and would therefore be subjected to shot firing. 

Before such a protective clause can be finally drafted, a thorough investigation 
will be necessary to correlate the impact strength of components determined by labon- 
tory tests with their service performance. From the results of this investigation it 
should be possible to specify a minimum impact strength applicable to all components 

An idea of the order of this minimum impact strength can be given from the 
results of tests on one type of fitting. Enclosures having an impact strength of 
approximately 60 in.-lb. were broken fairly frequently during shot firing at one 
particular colliery. Covers of the same shape but with an impact strength greater 
than 120 in.-lb. have since been substituted and no breakage has occurred to date, 
It is likely, therefore, that the minimum impact strength will be of the order of 
100-150 in.-lb. It is realised that it may be difficult to make small components having 
this strength, but none the less the requirement must apply to all enclosures irrespective 
of size or material from which they are made. 

The method of test may well be based on the test described in B.S.889, although 
the apparatus needs some alteration. In particular it is recommended that specimens 
should be mounted on a rigid steel anvil and not on hardwood blocks. 
The modified apparatus described in this paper gives consistent results, but is not very 
convenient to operate when a great number of specimens are to be tested. As 
methacrylate is largely free from impact fatigue, the repeated blow method 
of test can be used with this material without significant error. 

The consistency of impact strength of methacrylate taken from different batches 
is very good and there should be little difficulty in relating the design of methacrylate 
components to the required impact strength rather than to specified dimensions. At 
adequate value of working impact strength of cast methacrylate sheet should b 
given by 
Mean Impact Strength. 

1.2 


In addition to the correlation of service and laboratory impact strength data dis 
cussed above, more information is required on the velocities of rock fragments ejected 
during blasting and the response of enclosures to very high velocity impact. The effec 


of heat treatment of methacrylate on impact strength should also be investigated mor 
thoroughly. 


Working Impact Strength = 





(ii) Static Hydraulic Pressure Tests: 

Remembering the general characteristics of methacrylate and how the time o 
loading affects its behaviour, there seems room for doubt whether individual static 
hydraulic pressure tests are relevant when this material is used. Certainly there should 
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be no risk of enclosures bursting under pressure due to flaws in the material. On the 
other hand, the test might serve as a check on quality of shaping. 

At 25 deg. C. the maximum tensile loading of cast methacrylate at straining rates 
of .01 in./min. should not exceed 7,500 p.s.i., and this value is reduced at higher tempera- 
tures. Designers must work to the maximum loading corresponding to the operating 
temperature of the fitting. 

If static hydraulic tests are to be applied to methacrylate enclosures, tests should 
be made at the maximum permitted operating temperature of the shaped material and 
not at 20-25 deg. C. 

Shapings will generally have higher fracture stress in tension than cast material, 
but this increase is too variable for advantage to be taken of it when designing com- 
ponents. 


(iii) Explosion Tests: 

Information covering the behaviour of methacrylate stressed by explosive forces 
is still inadequate, but tests to date indicate that the material has a very good perform- 
ance both at normal temperatures and at 85 deg. C. It is these tests, as well as theory, 
which throw doubt on the value of the static pressure tests, and suggest that the tensile 
strength of the material may rise rapidly with rate of straining. Information on the 
tensile properties of methacrylate at very high rates of straining is required. 


(2.3) Thermal Tests 

Throughout the previous section of t the paper the influence of the thermal properties 
of methacrylate on its mechanical properties has been apparent. But these thermal 
properties are important in themselves when the material is used in flameproof lighting 
fittings, for these fittings are subject to temperature limitations laid down in B.S.889. 
The temperature of any part of the surface of a flameproof fitting must not rise more 
than 50 deg. C. when the fitting is operating in air of ambient temperature between 15 
deg. C. and 35 deg. C. This temperature rise and the temperature distribution over the 
fitting are partly determined by the thermal properties of the enclosure. 

When a thermoplastic such as methacrylate is used it is also necessary to guard 
against demoulding caused by operation at too high temperature. 

There are six thermal properties of methacrylate which are relevant to its use in 
flameproof equipment:— 

(i) Infra-red absorption; 

(ii) Thermal conductivity; 
(iii) Softening point; 
(iv) Demoulding temperature; 
(v) Resistance to thermal shock; 
(vi) Thermal expansion. 

Of these six properties the first two determine the temperature distribution over 
the fitting and the last four the behaviour of the material in operation. 

In all thermal tests temperatures of enclosures were measured using thermo- 
couples (16), but the method recommended in Appendix B of B.S.889 did not give re- 
producible results with methacrylate. Modifications were made and the revised method 
is described in Appendix II. 


(2.3.1) Infra-Red Absorption. 

Fig. 8 gives the infra-red absorption curve for colourless transparent methacrylate 
sheet of }-in. thickness. The corresponding curve for }-in. toughened glass is included 
for comparison. 

(2.3.2) Thermal Conductivity 

Thermoplastics have comparatively low values of thermal conductivity compared 

with glass. The value for methacrylate is 3.5 x 104 c.g.s. units which is only one- 
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eighth of the value for toughened glass. This difference in conductivity coupled with 
the difference of infra-red absorption of the two materials, calls for careful thermal 
design of some methacrylate enclosures if temperature requirements are to be satisfied. 


(2.3.3) Softening Point 

If the temperature of methacrylate sheet rises progressively above 100 deg. C, 
softening commences, until at temperatures of 140-170 deg. C., the sheet is rubber-like 
and can be readily shaped and moulded. 

Methacrylate, like many thermoplastics, has no well-defined softening-point, but 
only a softening range. This makes definition of softening point arbitrary and depen- 
dent on the method of test. In this investigation the Vicat test was used. 

A temperature of 105 deg. C. may be taken as the average value for cast methacry- 
late sheet, although this is subject to the history of the specimen. By heating the sheet 
for 48 hours at 105 deg. C. the softening point can be raised to about 120 deg. C, 
but all this gain is not permanent. Experiments have shown that of the total increase 
in softening point of 15 deg. C., more than half is due to absorbed water being driven 
out of the sheet during heating, and if the heat-treated sheet is stored in atmospheres 
of normal humidity, water is slowly reabsorbed and the softening point falls to a stable 
value of about 110 deg. C. If heat-treated sheet is later heated to 150-170 deg. C. for 
shaping the softening point will again be depressed, the extent of the fall depending 
on the time and temperature of the reheating process. 

Although softening points are frequently quoted in the literature as fundamental 
to the thermal performance of plastic materials, the property does not give a good 
guide to a material’s behaviour when used as enclosures of lighting fittings, for these 
are not subject to the external loading characteristic of softening point measurements.” 
The demoulding temperature discussed in the next section is more apposite and it is 
suggested that softening point data should not be included in the proposed specification 
for methacrylate components of flameproof lighting fittings. 


(2.3.4) Demoulding Temperature Tests 

When methacrylate sheet is heated to a temperature of 140-170 deg. C. and 
stretched during shaping, the chain molecules are oriented to a greater or lesser extent, 
and although the shaping will “set” at about 80 deg. C. the molecules tend to revert 
to their preferred curled state, although the shaping is not loaded externally. The 
rate of this reversion, which we know as “ demoulding,” is critically temperature and 
time dependent. Below 70 deg. C. the rate of demoulding is so slow that the move- 
ment, even over periods of many years, is negligible. As the temperature rises towards 
90 deg. C. molecular movement is easier and the rate of demoulding becomes significant. 
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At temperatures above 130 deg. C. demoulding is so rapid that a shaping will revert 
to its original “‘ as-cast” form in a few minutes. 

The maximum surface temperature of 85 deg. C. permitted flameproof lighting 
equipment lies within the critical temperature range of methacrylate. As little quanta- 
tive information was available on demoulding of this material, tests were made to 
determine how shapings behaved at temperatures of 70-90 deg. C., and what factors 
affected this behaviour. 


(i) Apparatus 

It was thought wise to limit tests to a simple shaping in which the strain distribution 
is substantially symmetrical, and for this reason nearly all tests have been made on 
hemispherical domes. Also for simplicity, domes were heated uniformly in these first 
experiments and preliminary trials showed that this was best achieved by immersing 
the domes in an oil bath. 

The apparatus is shown in Fig. 9. Four 500-watt immersion heaters are located at 


Fig. 9. Demoulding apparatus. 














the corners of the lagged tank, and are wired in pairs on a three heat circuit. Tem- 
perature control is by thermostat which, with the stirrers shown, maintains the oil tem- 
perature constant over the whole bath within limits of -+ 0.5 deg. C. 

When the dome demoulds it creeps upwards, and the creep at the apex is registered 
by the dial-gauge acting through a light aluminium rod attached rigidly to it. To reduce 
the downward pressure of the rod on the dome the return spring was removed from 
the gauge; the weight of the rod is sufficient to enable it to follow the initial expansion 
of the dome. 

The temperature of the oil is brought up to the test temperature and the dome 
is then immersed in it. At first expansion takes place and then the dial-gauge reading 
feverses. The time at which this reversal occurs is taken as zero time for demoulding. 


(ii) Form of Demoulding—Time Curve: 
_ First experiments were to determine the relationship between demoulding and 
time, at successive temperatures of 80 deg. C., 90 deg. C., and 95 deg. C. Eight-inch 
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diameter hemispheres were blown from 4-in. sheet, the blanks being heated to 
150 deg. C. before shaping. Demoulding-time curves have been plotted for single 
domes (Fig. 10) and appear to have the same shape for all temperatures. The most 
noticeable characteristic of the demoulding process is the rapid fall in the rate of 
demoulding with time. The shape of the curves, with their continuous, though rapidly 
decreasing movement suggests that the maximum operating temperature of a shaping 


will have to be defined in terms of the total demoulding after a given time period. 


The difficulty lies in the total time period in which we are interested; this may well be 
20,000 hours. If, however, we can agree on an acceptable maximum total demoulding, 
it may be possible from demoulding-time curves to calculate the corresponding 
maximum demoulding after a convenient test period of say 100 minutes. 

This test time has been adopted in the present tests and the demoulding of a 
shaping is recorded as the total movement over a time period of 100 minutes. This 
method of measurement assumes that the demoulding curves are of substantially the 
same shape. 


(iii) Effect of Variation in Shaping Temperature on Demoulding: 

During heating of blanks prior to shaping, some depolymerisation occurs leading 
to a fall in softening point of the material. As the softening point was known to 
decrease progressively with increase in temperature for constant time of heating, it 
was thought that the rate of demoulding of domes might also be affected by the 
shaping temperature of the blank. To check this, demoulding tests were made at 
80 deg. C. on 8-in. diameter hemispheres blown from 4-in. thick sheet, with blank tem- 
peratures of 160 deg. C., 170 deg. C., and 180 deg. C. The results are summarised in 
Table 6. 

There is no significant difference between the mean values of demoulding, so that 
within the limits of the test we may conclude that variations in shaping temperature 
will not affect the rate of demoulding of similar components 


Table 6. 
Effect of Shaping Temperature on Demoulding. 





Shaping Number of Mean Demoulding Standard 
Temperature Specimens (100 mins.) Deviation 





160 deg. C. 12 15.8 x 10-3 in. 3.5 x 10-3 
170 deg. C. 6 16.7 x 10-3 in. 4.9 x 10-3 
180 deg. C. 6 13.7 x 10-3 in. 2.1 x 10-3 
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iv) Effect of Softening Point of Sheet on Demoulding: 

Measurements were made of the softening points of the sheet from which the 
domes used in the above test were taken, but no correlation can be detected between 
softening point and demoulding. 

Another set of Vicat specimens from the same sheets was taken through the 
complete heating cycle of the domes, including immersion in the oil bath for 100 min. 
and the softening points determined at the end of the test, but again there was no 
discernible relation with the corresponding demouldings. 


(v) Effect of Thickness of Dome on Demoulding: 


To determine whether domes shaped from sheets of different thickness demoulded 
at different rates, groups of six 8-in. diameter hemispheres were blown from }{-in., 
lin, and 3-in. material with a shaping temperature of 160 deg. C., and their demoulding 
during 100 min. at 80 deg. C. measured. Results are in Table 7. 


Table 7. 
Effect of Thickness of Shaping on Demoulding. 








Thickness of Number of Mean demould- Standard 
Blanks (Nominal) | Specimens ing (100 mins.) Deviation 





a is 12 15.8x10-3 ,, 3.5 x 10-3 


} in. | 6 27.2x10-3 in. | 5.0 x 10-3 
Sy | 6 6.3x10-3 ,, | 0.4 10-3 














The differences between the mean values of demoulding are highly significant, as 
is the difference between the variance of the 2-in. material and the variances of the 
thinner materials at this test temperature. 


(vi) Effect of Amount of Stretch on Demoulding: 

It is reasonable to assume that the more a sheet of methacrylate is stretched during 
shaping, the greater will be the rate of demoulding. An indication of the importance 
of the effect was obtained (Table 8) by measuring the relative demoulding of two 
sets of 8-in. diameter domes, one set of which was blown to a depth of 24-in. and the 
other set to 4-in. 


Table 8. 


Effect of Amount of Stretch on Demoulding. 





Number of Mean Demould- Standard 


Height of Dome | Specimens ing (100 mins.) Deviation 





_ 


24 inches | 6 | 81x 10-3in.| 1.8 x 10-3 


12 | 15.8 x 10-3 in. | 3.5 x 10-3 





Again the difference in the mean values of demoulding is significant, so that the 
amount by which a sheet of methacrylate is stretched during shaping will affect its 
maximum operating temperature. 


(vii) Demoulding Curves for Hemispheres from 3-in. Material : 


Flameproof lighting fittings will probably have enclosures shaped from metha- 
crylate sheet whose thickness is either }-in, or 4-in., and so finally a test was made to 
obtain full performance data for such enclosures. Hemispherical domes of 8-in. 
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—— TEMPERATURE 


Fig. II. 
Variation in 
demoulding 
with time at 
different tem- 
peratures of 8 
in. ~ diameter 
methacrylate 
blown from } 

in. sheet. 


DEMOULDING (INCHES) 


TIME (MINUTES) 


diameter were blown from }-in. sheet and the demoulding-time curves shown in Fig. 11 
determined. Three tests were made at each temperature and the curves plotted are 
the mean curves. 


(2.3.5) Thermal Shock Test 


A thermal shock test for bulkhead and well glasses is included in B.S.889. Glasses 
are heated in an air oven for 15 minutes and then immersed in water whose temperature 
is between 15 deg. C. and 20 deg. C., the differences between water and oven tempera- 
tures being not less than 125 deg. C. ¥ 

This test is designed to check the adequancy of the toughening of the glasses and 
so is not relevant when methacrylate is used. None the less, it was thought worth- 
while to determine whether the material is affected by thermal shock. 

Methacrylate does not fracture under thermal shock even when heated to its 
shaping temperature of 150 to 170 deg. C. and then plunged into water at 20 deg. C,, 
but tests were made to see whether thermal shock affected the impact strength of 
shapings. Five domes shaped from }-in. sheet were heated for 30 minutes in a con- 
vection oven whose air temperature was 80 deg. C., and then immersed in water at 
20 deg. C. The impact strength of the domes was measured and the mean compared 
with the mean strength of control domes. There was no significant difference between 
the mean strengths. 


(2.3.6) Thermal Expansion 

The thermal expansion of methacrylate is large compared with that of the common 
metals, the coefficient at 20 deg. C. being 8.9 x 10-°5/deg.C. The value of the coefficient 
varies with temperature and at 80 deg. C. it is 10.5 x 10°5/deg. C. 


(2.3.7) Discussion of Results of Thermal Tests 

Attempts have been made at a number of places in this paper to emphasise the 
difference in behaviour of methacrylate and glass, and nowhere is this difference more 
real and important than when we are considering the thermal properties of the two 
materials. 

Methacrylate enclosures will usually operate at a somewhat higher temperature 
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than glass enclosures of the same dimensions, due to the higher infra-red absorption 
and lower thermal conductivity of the plastic. This lower thermal conductivity may 
also result in fairly steep temperature gradients in the material and the formation of 
local “hot spots.” Within these localised areas the surface temperature of the en- 
closures may rise sufficiently to cause both local demoulding of the shaping and con- 
travention of the temperature rise clause of B.S.889. This danger is very real when 
narrow convection currents of hot air rising from filament lamps impinge directly on 
the methacrylate shaping. Such convection currents can sometimes be broken up by 
a small metal baffle, but where fittings have to operate in any position this is not usually 
possible. 

Thermal shock does not affect methacrylate and there appears to be no justification 
for retaining the test in a specification concerned only with this material. 

Unlike the designer of ordinary lighting equipment, the designer of flameproof 
fittings cannot accommodate the differential expansion between methacrylate enclosure 
and metal housing by leaving suitable clearances. Consequently as a fitting warms 
up to its stable operating temperature the enclosure will be stressed to some extent, 
but it can withstand these stresses without trouble. It will distort slightly, but there 
isno danger with methacrylate that thermal stresses will cause fracture of the com- 
ponent. 

Of all the thermal properties of methacrylate, its demoulding characteristics are 
most important, setting as they do the maximum temperature at which shapings can 
safely operate. The tests described indicate the complexity of demoulding and how 
difficult it is to lay down a single maximum operating temperature for methacrylate 
components. We have seen that the rate of demoulding is significantly affected both 
by the dimensions of the component and by the amount the sheet was stretched during 
forming. At first this seems to suggest that we must determine a maximum operating 
temperature for each shaping, but a simpler solution of the problem is possible if we 
can accept as a general value of 
operating. temperature the value 1 
which applies to those shapings : 
which the tests have shown to have 
the fastest demoulding rate. From 
mechanical tests we know that we 
shall probably have to deal only 
with enclosures formed from }-in. 
or $-in. sheet, of which the ?-in. 
component will have the faster rate 
of demoulding. It is very unlikely 
that any sheet used for shaping 
the enclosures of mine lighting 
fittings will be stretched more than 
material which is free blown to a 
full hemisphere, and so we may 
take as a reasonable and safe basis 
for estimating the maximum 
Operating temperature of flame- 
proof enclosures the results of the wre 
demoulding tests made on hemi- J — 
spheres blown from }-in. sheet, and To 60 eects 
shown in Fig 11. TEMPERATURE (°C) 

: If the demoulding after 100 min. Fig. 12. Variation in demoulding after 100 mins. with 


is taken from these curves and temperature of 8-in. diameter methacrylate hemispheres 
plotted against temperature of test, ’ blown from #-in. sheet. 
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the curve shown in Fig. 12 is obtained. The sharp angle in this curve indicates q 
critical point at about 90 deg. C. beyond which the rate of demoulding is excessive 
and it is suggested that a temperature of 85 deg. C. should be taken as the limiting 
operating temperature of methacrylate components. Inspection of the curves of 
Fig. 11 confirm that this value is reasonable, so we may assume that if the 
temperature of methacrylate enclosures does not exceed 85 deg. C., the cumulative 
demoulding after continuous operation for several years will be negligible for practical 
purposes. 

This argument applies, however, only to components which are uniformly heated. 
The enclosures of flameproof fittings do not fulfil this condition as their inside 
temperature will always be considerably higher than the outside surface temperature, 
Tests made on various fittings suggest that the temperature difference between the 
inner and outer surfaces of methacrylate enclosures whose wall thickness is } to }-in, 
is of the order of 10-20 deg. C. For complete safety, we should specify that the 
inner surface temperature of the components must not exceed 85 deg. C., giving a 
maximum value for the outer surface of about 70 deg. C., but it may be thought that 
this is too conservative. Until further tests have been made on enclosures heated on 
the inner surface only, it is none the less recommended that this figure should be 
adopted. 

This means that the maximum operating temperature of 85 deg. C. permitted by 
B.S.889 cannot be applied to methacrylate enclosures. Their maximum operating 
temperature is set at 70 deg. C. by the material’s demoulding characteristics. 


Summarising the above discussion, we may list the following factors as important 
in the thermal design of methacrylate enclosures for flameproof lighting fittings :— 


(i) The outside surface temperature of the enclosure, should not exceed 70 
deg. C.; 
(ii) Methacrylate enclosures will operate at somewhat higher temperature than 
glass enclosures of the same dimensions ; 
(iii) Convection currents of hot air should not be allowed to impinge directly on 
to methacrylate shapings ; 
(iv) Enclosures are immune from fracture by thermal shock or thermal stresses. 


(2.4) Optical Tests 

At present, mine lighting engineers are concerned to provide increased illumina- 
tion -over important working areas such as the coalface and some sections of the 
roadways (!8), leaving task analysis to a later date. It is to be hoped that this analysis 
will not be long delayed, as designers need data which will enable them to produce 
equipment that is well fitted to the various tasks. 

It is information on glare that is most urgently required. The experimental 
techniques used by Hopkinson (!%) in his researches on glare in street lighting may be 
applicable to a similar investigation on glare in mine lighting. 

The brightness of tubular fluorescent lamps is low compared with the brightness 
of filament lamps, but they can cause both discomfort and disability glare in some 
mining locations, and experiments are being made with enclosures shaped from opal 


methacrylate to reduce the source brightness. The introduction of these opal materials J 


having high mechanical strength also make possible the design and manufacture of 
filament lamp fittings with acceptable glare characteristics at presumably lower cost 
than the fluorescent fittings. 


(2.4.1) Optical Tests on Transparent Methacrylate 


Transparent methacrylate sheet has very low light absorption, giving the material 


remarkably clarity and making it a highly efficient base for coloured and opal metha- 
crylate. 
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Fig. 13. Spectral transmission curve of 4-in. acrylic sheet: visible and ultra-violet regions. 


Table 9 lists the optical constants of the transparent sheet material and Fig. 13 
shows the spectral transmission of the material up to a wave-length of lu 


Table 9. 
Optical Properties of Transparent Methacrylate Sheet. 





| Refractive Index for Sodium D line at 20 deg. C. Te ne eth 1.49 
| Relative Dispersion ... ne ae os aoe ve ee on 58.0 
Absorption of light from tungsten filament lamp operating at 2848 deg. K 0.7% 


per inch. 





(2.4.2) Optical Tests on Opal Methacrylate 


Four opal methacrylates based on the clear material are produced for use in both 
reflecting and diffusing lighting fittings. The two diffusing materials, designated 030 
and 040, are used in some mining fittings. 

The mechanical and thermal properties of these opal methacrylates are not 
significantly different from the properties of the transparent material, so that we can 
now form diffusing enclosures strong enough to be used in flameproof equipment. 

Several theories have been put forward to describe the light scattering properties 
of opal materials, of which the most satisfactory and most useful theory is that of 
Ryde and Cooper (2°). It is on their work that the present tests are based. 

The mechanical requirements of methacrylate enclosures used in flameproof fit- 
tings demand minimum wall thicknesses of about 4-in., so that any translucent material 
which is used must have high transmission and low absorption losses if the efficiency 
of the fitting is to be reasonably good. Theoretical study suggested that a material 
with a comparatively small concentration of fairly large particles was required and 
m this has been achieved in the 030 opal methacrylate. Although this very high trans- 
mission material has a low diffusion, its scattering properties are none the less adequate 
lo hide the filament of an electric lamp even at sheet thicknesses of less than }4-in. 
The properties of the 040 material are more nearly akin to those of flashed opal glass 
and it is used in fittings which require a material of higher diffusion than the 030 grade. 

Diffusing finishes can be produced on methacrylate by chemical processes, but 
with these there is a risk of “ crazing” (Section 2.5.2). So serious are the effects of 
chemical crazing on mechanical strength, that in the authors’ opinion these finishes 
should not be allowed in components for flameproof fittings, however remote the risk 
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Fig. 14. Transmission and reflection factor apparatus. 


of trouble may be. When translucent enclosures are required, one of the opal materials 
should always be used. 


(i) Transmission and Reflection Factor Tests: 

Transmission and reflection factors of the opal methacrylates in thicknesses up to 
#-in., have been measured by Waldram’s absolute method (2!). All tests were made 
using parallel light from a tungsten filament lamp operating at 2848 deg. K, the light 
being incident normally on the specimens. Some dimensional changes in Waldram’s 
apparatus were made to cope with the thick specimens tested and a different photo- 


—— TRANS* FACTOR — TRANS* FACTOR 
—— REFL® FACTOR -— REFL® FACTOR 


TRANS® AND REFL® FACTOR 
TRANS® AND REFL® FACTOR 


THICKNESS (INCHES) THICKNESS (INCHES) 


Fig. 15. (a) Variation in transmission and reflection factor with thickness of 030 opal 
methacrylate. (b) Variation in transmission and reflection factor with thickness of 040 
opal methacrylate. 


Trans. Illum, Eng. Soc. (London), 








ACRYLIC ENCLOSURES FOR FLAMEPROOF LIGHTING EQUIPMENT 


meter was used. In early work brightnesses were measured with a modified Macbeth 
iluminometer, but later a photoelectric photometer (27) was substituted (Fig. 14). This 
employs a vacuum potassium photocell and valve amplifier and gives much greater 
speed of operation than does the visual photometer. A liquid filter corrects the photo- 
cell response approximately to that of the average eye. 

Curves relating transmission and reflection factors with sheet thickness are given 
in Figs. 15a and 15b. 


From Ryde and Cooper’s theoretical work it is possible to deduce the light output 
ratio (o ) of uniform spheres of given thickness from the transmission and reflection 
factors (7,’ p’) Of sheet of the same thickness, using the formula:— 


, 
T 


thal IE STE Fi 
1-p 
An important characteristic of these opal methacrylates is the consistency of their 


I optical properties from batch to batch. Measurements made on samples of }-in. material 
taken from separate production batches gave the following transmission factor data :— 


Number of samples tested re REE 
Mean transmission factor A. .. 79.7 per cent. 
Standard deviation oe we <<, 
Any revised edition of B.S.889 for methacrylate will have to include clauses speci- 
fying the optical properties of diffusing sheet, and it may be desirable to fix permissible 
transmission factor limits, for which these results give some guidance. 


(i) Diffusion Factor Tests: 


The diffusion factor of a material when illuminated by parallel light incident 
normally to the specimen, is defined by 


Bao + Bio 


5 


D= 


where 
> = Brightness at angle of view of 20 deg. to normal; 
rightness at angle of view of 70 deg. to normal; 


= B 
0 
= Brightness at angle of view of 5 deg. to normal. 


B, 
B, 
B, 


The specimen is viewed from the side 
opposite to that on which the light is 
incident, and measurements were made on 
a goniophotometer usirig the modified 
Macbeth illuminometer for recording 
brightness. Fig. 16 gives the diffusion 
factor—thickness curves for 030 and 040 
opal sheet. 

Comment is needed on a characteristic ; 
peculiar to the 030 material. If this 
material is stretched during shaping, the 
small scattering spheres held in sus- tee rites 
pension in the methacrylate base are 
distorted into flat spheroids, the amount 
of “flattening” varying directly with 
the amount of stretching. As a result, 
the scattering characteristics of the THICKNESS (INCHES) 
materia I change, and the shaping is Fig. 16. Variation in diffusion factor with 
less diffusing than cast sheet of the same thickness of 030 and 040 opal methacrylate. 
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thickness. Stretching varies over the surface of most shapings and prediction of th 
diffusion factor at any point is almost impossible. 


(iii) Scattering Tests: 


Whenever an opal material is used in filament lamp fittings, its scattering prope. 
ties should be sufficient to obscure the filament, although the critical thickness fo, 
filament visibility is somewhat indeterminate. For the opal methacrylates 030 and 04) 
the critical thickness is approximately 0.08 in. and 0.09 in. respectively. 

In common with most opal glasses, these materials scatter light preferentially, the 
scatter increasing with decrease in wave-length; this preferential scatter is most notice. 
able with opal 030. 


(2.4.3) Discussion of Results of Optical Tests 


Methacrylate in all its varieties has very high optical efficiency, making it suitabk 
for use in many types-of lighting equipment. 

The absorption losses of the transparent material are considerably lower than the 
limiting value quoted in B.S.889 and can be ignored in practice. This being so, it is 
possible to calculate accurately the transmission factor of the material, as this will de. 
pend solely on the surface reflection losses (23). For example, with parallel light incident 
normally on a sheet, the transmission factor of transparent methacrylate is 92.5 per cent, 

Experiments on the opal materials show that even with the considerable thicknesses 
used in the enclosures of mining fittings, light losses in the materials will not be large 
and diffusion will be sufficient to greatly reduce source brightness. In general, 030 opal 
methacrylate should be used for these components, which will show some brightness 
gradation over the area of the fitting. The optical consistency of the opal materials is 
very good indeed, and variations in transmission factor for sheet of given thickness 
should not exceed +.2 per cent. 

The photometric performance of diffusing fittings will depend in some measure 
on their wall thickness, which in turn is determined by the mechanical requirements. 
With only two materials available flexibility in optical design is limited, but must be 
accepted until more information of precise requirements is available. 


(2.5) Physical Tests 


In addition to the three main groups of properties already discussed, there are 
other physical properties of methacrylate which affect both its performance in service 
and, to some extent, the methods of fabrication of the material. These are its 
electrostatic properties, “ crazing,” abrasion resistance, ageing and the rate of burning. 

They are inherent properties of the material and would not come within the 
scope of a specification. None the less, an appreciation of these properties is neces- 
sary if the usefulness and likely behaviour of methacrylate in mine lighiing fittings is 
to be accurately assessed. From discussion of these physical properties will also 
come recommendations for obtaining the best service performance. 


(2.5.1) Electrostatic Properties 


Such are the surface properties of methacrylate that if any electrostatic charge 
is built up by dry polishing the sheet or enclosure, the charge will dissipate only 
slowly and dust in the atmosphere will be attracted to the surface. When trials with 
methacrylate enclosures began, it was thought that this property might prohibit use 
of the material in the very dusty atmosphere of mines, but service experience over 
the past three years has shown this fear to be unfounded. Freedom from heavy dust 
accumulation may be due to leakage paths provided by the initial thin film of dust 
or to the lemular air layer which surrounds fittings operating at raised temperatures. 
Perhaps a more important factor is that the covers are never cleaned in service. if a 
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shaping has no charge when installed, it can only be built up by subsequent dry 


lishing. 
. Danger of trouble caused by dust attraction can be reduced by adding an 


6 


* anti- 


static paste” to the water used for washing the sheet before shaping. When covers 
are reconditioned, they should be washed with a detergent and water, allowed to dry 
and then re-treated with the paste. 


(2.5.2) Crazing Tests 

Certain types of scratches and flaws in the surface of glass can cause a consider- 
able fali in the strength of the material and mechanical failure usually originates at 
such flaws. (24) The behaviour of methacrylate is less affected by its surface condition. 
None the less, the resistance of methacrylate to crack propagation is quite low, so that 
the critical factor in determining the strength of a component is the start of a surface 
crack. Particularly dangerous cracks are those known as “ crazing.” A crazed area 
is patterned with very fine deep cracks produced either by high tensile stress alone or 
by the joint action of tensile stresses and solvents such as methyl methacrylate monomer, 
chloroform, and ethylene dichloride. (25) If enclosures are shaped at too low tempera- 
ture, high skin stresses are set up in the material and crazing may occur in the presence 
of solvent vapours. This stress-plus-solvent crazing causes serious degradation in the 
mechanical properties of methacrylate. Experiments have shown that both the cross- 
breaking strength and the Izod impact strength of crazed specimens may be reduced 
to one-third of the strength of uncrazed specimens of the same dimensions. 

So serious are the effects of crazing that it must be prevented on all methacrylate 


Fig. 17. Strain in meth- 
acrylate domes shaped at 
different temperature. 
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covers used in flameproof equipment. To this end the following recommendations ar 
made:— 

(a) The conjunction of high elastic stress, caused by shaping at too loy 
temperatures, or during assembly, with the presence of solvents should 
avoided. 

In Fig. 17 are shown sections of domes, shaped from blanks heated to 
different temperatures, when viewed by polarised light. High strain cop. 
centrations are present near the skins of the domes made with blank 
temperatures of 130 deg. C. and 140 deg. C., and it is recommended that 
blanks should be heated to 150-160 deg. C. before shaping. Temperature 
should be uniform both over the area of the sheet and through its thickness, 


(b) Experience with aircraft components suggests that any tendency for 
crazing in a shaping is reduced by annealing the shaping in an air oven at 
65 deg. C. for about four hours. 

(c) As far as possible solvent jointing and dough jointing should not be 
used in the construction of enclosures for flameproof fittings. Where it is 
necessary to use jointed covers, special precautions should be taken to remove 
the vapours. 

(d) Compounds used for cementing enclosures into the cast-metal 
retaining rings should not contain any chemical liable to cause crazing. The 
calcium sulphate cement used for cementing glasses is safe and reasonably 
satisfactory when used with methacrylate components. Development of im- 
proved cements for use with methacrylate enclosures is in progress. 


(2.5.3) Abrasion Tests 


Any equipment used in mines is severely handled in service, and coalface lighting 
fittings are no exception. They must be moved forward as the face advances, and 
frequently are dragged over the ground by their connecting cables. In spite of metal 
guards the covers undergo severe abrasion, so that the abrasion resistance of materials 
is important in determining the service performance of enclosures. 

Methacrylate, like other thermoplastics, is ‘relatively soft and some abrasive 
damage to mining fitting covers is to be expected. Shapings examined after 12 
months’ operation showed sonfe abrasion over limited areas, but it is unlikely that 
the light output of the fitting was seriously affected. Both indentation and abrasion 
scratches were present, the latter having coal dust and dirt ingrained in them. Only 
in the abrasion scratches had material been worn away. 

Abrasion resistance is a property that is not easy either to define or measure. (*) 
At first sight it seems to be closely related to hardness defined as resistance to indenta- 
tion, but Boor (2”7) and others have concluded that the hardness of methacrylate and 
other plastics is not necessarily a measure of their scratch or wear resistance. Tests 
made on a number of materials showed that a falling abrasive test gave a ranking 
unrelated to rankings given by indentation and scratch tests. 

Whatever laboratory tests are used to measure abrasion resistance, they can only 
give relative results. It is impossible from laboratory tests to predict service perform- 
ance, and any appreciation of the behaviour of a material must be based mainly on 
data from service trials. Laboratory tests are valuable, however, when the effect of 
variables on abrasion resistance and hardness is to be studied. 

A number of tests have been made by Starkie and by the present authors using 
cast and moulded methacrylate and the results are summarised in Table 10. Data 
for other materials are included for comparison. 

Two comments on these test results are relevant. 

First, the surface hardness of methacrylate is unaffected both by thickness of the 
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Table ro. 


Hardness and Abrasion Resistance Characteristics of Methacrylate. 





| Thickness | Temperature |Hardness* or 
Test Method Material of of Abrasion 
specimen Test Resistance 





| Scratch Hardness 2 Kgm 
Load |  g-in. 20 deg. 
| }-in. s 
$-in. - 
}-in. 20 deg. 
50 deg. 
77 deg. 


Shaped Methacrylate 20 deg. 
Polished Aluminium Fe 
Polished Mild Steel ” 








” ’ 





| Falling Carborundumf Cast Methacrylate in. | 20 deg. 











” » Polished Plate Glass - | 
* In pyramid scratch test, Hardness = Gccntch Width Ta can. 
+ See Starkie, J. Soc. Glass Tech., 1942, 26, p. 130 








sheet and by moulding, and little affected by temperature over the range of 
20-80 deg. C. 

Second, any improvement in hardness to be worthwhile must be very large. 

Many attempts have been made to obtain a hard surface on methacrylate and 
some success has been claimed, but all of the processes known to the authors suffer 
from one or more of four defects:— 

(i) The hard surface coating is too thin to withstand heavy abrasion; 

‘ii) Hardening is accompanied by brittleness. Before the necessary increase in 
hardness is achieved, the material is too brittle for use; 

(iii) The hardened material is difficult to shape; 

(iv) The process is so expensive that marketing of the product is not economic. 

At present our knowledge of the effect of abrasion on the light output of fittings 
with methacrylate shapings when used for coal face lighting is very limited, and it 
would be a most valuable help in assessing the performance of the material if this 
information could be provided by the N.C.B. It has, however, been possible to assess 
the effect of abrasion on the mechanical strength of methacrylate by determining 
whether abrasive scratches weaken the material in the same way as does crazing. A 
series of tensile test and impact test specimens were abraded randomly giving scratches 
similar to those on the shapings taken from service. Their properties were deter- 
mined and compared with the properties of control samples cut from the same sheets. 
Neither the tensile strength nor the impact strength of the abraded specimens was 
significantly different from the corresponding strengths of the controls. 

Assuming that any considerable improvement in the impact strength of metha- 
crylate is unlikely in the near future, knowledge of methods for reconditioning abraded 
covers is required and at the request of the N.C.B. trials have been made. Three 
methods of repolishing are possible. 

(a) Solvent polishing 
(b) Flame polishing 
(c) Mechanical polishing 
Of these, it is recommended that the first should not be used as crazing may result. 
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Flame polishing is not effective where material has been abraded, so that mechanic 
polishing is recommended. It is effective, convenient and speedy. Using a portabk 
pneumatic wet sander with a correctly chosen grade of waterproof abrasive paper, dee 
scratches can be removed in about one minute and the resulting “ grey ” surface ca 
be buffed to give a high polish. 

Reconditioning by sanding will, however, cause a slight reduction in thickness: 
unless covers can be tested after polishing it seems doubtful whether such a procedur 
could be permitted. 


(2.5.4) Chemical Resistance and Ageing Tests 


It is necessary to guard against degradation in properties of a material during it 
service life and numerous accelerated ageing tests have been proposed. In spite of th 
convenience of such tests, they suffer from at least two defects: 


(a) It is feasible that prolonged operation of components at high tempen. 
ture and humidity might cause some degradation in the mechanical properties 
of the material. This may be very unlikely, but a short accelerated tes 
cannot check this, as the time of operation may have an important effect 
on the behaviour of the material. 

(b) The correlation of accelerated test data with service performance is 
notoriously difficult. | While accelerated laboratory tests can yield data on 
the mechanism of ageing, it is seldom that they give data which can be used to 
predict long term behaviour of a material. Laboratory tests should always 
be supplemented by service tests. 

For these reasons an investigation of the ageing characteristics of methacrylate 


sheet when operating under mining conditions has been undertaken and includes both 
laboratory and service tests. : 


(i) Laboratory Tests: 


We may expect that any ageing of methacrylate will be time dependent and wil 
be due to a combination of four factors—temperature, humidity, light and chemical 
attack by atmospheric gases. Of these factors the least important is the chemical 
attack by atmospheric gases. Methacrylate is very resistant to attack by most 
chemicals and experience has shown that it is unaffected by long exposure to 
atmospheric gases. 

It was decided to assess the combined effect of chemical attack, temperature and 
humidity on the mechanical properties of the material by service tests and to limit 
laboratory work to a study of the effect of light on its optical properties. Samples of 
transparent methacrylate, opal 030 and opal 040 methacrylate have been exposed for 
long periods indoors to light from tungsten filament and tubular fluorescent lamps. 
Changes in transmission factor were measured on the Waldram apparatus and changes 
in colour of the transmitted light were measured using a Donaldson six-stimuli colori- 
meter (28). The results are summarised in Table 11. Specimens, all of 4-in. thickness, 
were exposed in a clean laboratory whose ambient temperature was 20 to 30 deg. C. 

More comprehensive laboratory tests on the ageing of methacrylate are now 
being made, but the data quoted above show that any discoloration which may occu 
due to exposure to light from either tungsten filament or tubular fluorescent lamps is 
insignificant as far as mining practice is concerned. 


(ii) Service Tests: 


A number of bulkhead type fittings equipped with methacrylate covers have beet 
installed in a mine where they have been operating for some months. It is proposed 
to continue this test until the units have operated for a year and then to check any 
change in the mechanical and optical properties of the enclosures. This data should 
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Table 11. 
Effect on the Optical Properties of Methacrylate of Prolonged Exposure to Light. 





| Transmission Colour by 
Light | Specimen | Illumination Test Factor Transmitted Light 
Source | Period ||—— —— 
Specimen| Control || Specimen | Control 
| 








hrs. |}per cent.| per cent. 
|g0W Tubu-| Transparent | 500 1/sq. tt. 92.1 92.4 X=0.444 | X=0.443 
lar Fluores- Y=0.403 | Y=0.401 
cent Lamp Z=0.153 | Z =0.156 


Opal 030 | 500 1/sq. ft.| 5,000 ; X=0.476 | X=0.484 
7—0.408 | Y=0.398 
Z =0.116 | Z =0.118 


Opal 040 | 5001/sq. ft.| 5,000 : X=0.447 | X=0.447 
Y=0.400 | Y=0.401 
Z =0.153 | Z =0.152 





Tungsten Opal 030 | 500 1/sq. ft. | 20,000 9. . X=0.476 | X=0.475 
Filament Y=0.411 | Y=0.407 
Lamp Z =0.113 | Z =0.118 
| 

Opal 040 | 500 1/sq. ft. ‘ . X=0.461 | X=0.460 
Y¥=0.407 | Y=0.407 
Z =0.132 | Z =0.133 

















} 














be available in time for inclusion in the communication covering the second series of 
tests. 

It is not expected that ageing due to operation of methacrylate enclosures in mines 
for periods of 2 to 5 years will affect their performance. One of the most important 
assets of methacrylate is its freedom from degradation of properties caused by ageing 
and weathering and we may expect this generalisation to apply when the material is 
wed for the covers of flameproof fittings operating in coal mines. 


(25.5) Rate of Burning 

The rate of burning of methacrylate is low, being similar to that of hardwood. 
Ignition by an electric arc is very difficult and should never occur in properly designed 
apparatus Burning methacrylate is easily extinguished and does not smoulder. 


3. Conclusions and Recommendations 


In this investigation the general behaviour of methacrylate for use in mine 
lighting equipment has been studied, and although the tests were not fully statistical 
their results are adequate for assessing the performance of the material. 

It is important to know what variations in manufacture or operation will signifi- 
cantly affect the material’s behaviour and some of these variations have been studied. 
Sufficient material has been sampled to enable its variations to be assessed, and upper 
and lower limits for most properties can be specified with fair assurance. 

No attempt has yet been made to describe the various results mathematically. 
Desirable as this may be from a logical point of view, the process has its hazards when 
applied to such quantities as the strength of shapings whose thinning and molecular 
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orientation vary considerably over the area of the shaping. To use mathematic, 
generalisations as the basis of component design would be unwise and it is nearly alway 
preferable to work from experimental results such as those shown here. 

Extension of this investigation to cover the manufacture and performance of; 
wide range of components is required and this work is now in progress. Over an 
and above this, however, further service data are needed along with research inh 
problems of impact and glare. 

The results both of these tests and of the experimental trials of coal face lighting 
indicate firmly that correctly designed methacrylate components will satisfy th 
stringent demands of enclosures for flameproof lighting fittings. They cannot, hoy. 
ever, be approved for use in such fittings until a supplementary edition of B.S. 889 ha 
been issued for enclosures formed from this new material. This is now the mog 
urgent need of all, and it is to be hoped that drafting of such a specification will star 
at a very early date. 
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APPENDIX I. 
Size, Thickness and Thickness Tolerances of Methacrylate Sheet and Block. 





Thickness Tolerance | * Maximum Sheet Size 


.008 in. | 48 in. x 

.012 ,, \ Max. Deviation from | 72°; * 
.016 ,, |mean thickness may | 12°; X48°5, 
020 ,, ‘wes vary fromthe | 72 ,, x48 _,, 
.020 ,, } nominal by +5 % | 7, i sae 
038 ,, — oe 
047 ,, 48°,, x38" .,, 
ct mae 46; *%Ie 
.066 _,, 48 ,, x36 
OF. | 48 ,, 

| 1} ,, 4S), | 42 ,, x30 

| 2in. and over + .150 ,, | 42 ,, x30 


* These maximum sheet sizes are for transparent material only. 030 and 040 Opal methacrylate is made 
only in thicknesses up to } in 
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APPENDIX II 
Temperature Measurement of Methacrylate Enclosures 


B.S.889 gives details for measuring the temperature rise of the outside surface of 
fameproof fitting enclosures, but modifications to the method are necessary when these 
enclosures are made of methacrylate. These modifications are due to the relatively 
low thermal conductivity of methacrylate compared with the conductivity of glass and 
are designed to minimise heat loss from the surface by the thermocouple. 

The recommended thermocouple size, No. 26 S.W,G., was found to conduct too 
much heat away from the surface and so the smallest diameter wire that could be 
conveniently handled, No. 36 S.W.G., is used. It was found, moreover, that if copper 
formed one of the conductors, the heat loss was again too great for consistent measure- 
ments, and iron-eureka thermocouples have been selected as most suitable. A length 
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Fig. 18. (a) Methacrylate dome with cemented thermocouple. (b) Contact strip thermocouple, 


of wire, at least 1 in. long (3 in. if copper is used), leading up to the thermojunctio 
should always be in contact with the surface of the enclosure to minimise conduction 
losses. 

Normally the most satisfactory method of attaching the couples to the enclosure 
is to cement them to the surface with an acrylic cement and Fig. 18a shows a couple 
cemented to a dome which is ready for test. Care should be taken to ensure that 
the wires are in contact with the surface; if necessary they may be held down with 
adhesive tape until the cement has hardened. 

Where cementing is difficult, or where the surface must not be disfigured, the 
contact strip couple shown in Fig. 18b has given satisfactory results. 

It was found necessary to use a potentiometer circuit for measuring the thermal 
E.M.F., as a millivoltmeter did not give the desired accuracy. 

When correctly calibrated the accuracy of the apparatus over the range of temper 
ture rise 10 to 50 deg. C., is approximately +0 deg. C., —2 deg. C. 





Dicusssion 


Mr. R. CRAWFORD, after expressing his appreciation of the invitation to be present 
at the meeting, said the subject of the paper was of very considerable importance to the 
mining industry, and without the extremely useful work which the authors had done 
on the subject we should have been nowhere near the success that had been achieved 
to-day. 

The use of common glass in the mining industry was attended with a certain 
amount of danger, particularly underground, and was prohibited in certain circun- 
stances: it was for this reason that toughened glass was introduced in lighting fittings, 
which are very susceptible to damage, particularly when used on the coal-face, because 
of danger of cuts to men working there. It appeared to him that acrylic plastic 
possessed nearly all the advantages of glass with none of its disadvantages, and for 
that reason its use in the mining industry was very important. 

Dr. Harper, in presenting the paper, had referred in rather strong terms to the 
treatment meted out to equipment in the industry, and it could not be said that all this 
criticism was unfair. Shot-firing was perhaps the most serious of the difficulties to 
be overcome in introducing face lighting, and he was very much afraid that shot-firing 
would be with us for many years to come. Half a dozen experimental installations 
working at the coal face had been in operation for some two years, and the ratio of 
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fittings damaged to the number of shois fired within seven feet of any one lamp was 
between a minimum of 420:1 and maximum of 2,300:1. This did not strike one as 
being very serious. It must not be forgotten that mining was a rough occupation. 
Men at the face were working in cramped and confined spaces, and had to load five 
to ten tons of coal on to a conveyor in a limited space of time. Their main object 
was to get that coal on to the conveyor, without always having regard to the fact 
that they might damage something in the process. It followed, therefore, that all 
equipment used at the coal face must be strong enough to resist rough treatment without 
suffering damage. He endorsed Dr. Harper’s view that we should press for early 
and general acceptance of these plastics for the purpose in mind. (A slide was shown 
illustrating the damage that fittings receive in normal handling, in this case the damage 
probably being done by dragging the fitting along the floor when moving it from one 
position to another. The 5-16th in. steel guard was completely broken from the 
frame holding the “ Perspex,” and yet the “ Perspex” cover was not fractured.) 

He also endorsed the demand of the authors for light of a high quality. Although 
itwas mainly a problem for the manufacturer, the Coal Board proposed to marshal 
the facts from the mining point of view and offer these as a guide to the manufacturer 
in providing the type of lighting fitting the mining industry wanted. Apart from coat 
face lighting, which had not been tried on a sufficiently large scale to justify the mass 
production of a large number of different types of fittings, it was true to say that 
for underground lighting generally we were to-day using the same type of fitting as 
was used 20 to 25 years ago. He had in mind the conventional well-glass fitting, 
which so often caused uncomfortable glare when installed in a roadway. It was quite 
usual practice te paint a black band round the well-glass in the filament area or cover 
it with a piece of paper, with the result that two-thirds of the value of the fitting as 
asource of light was destroyed. It was felt, therefore, that some new thought should 
be given to the design of mining-type fittings both for use at the coal face and else- 
where underground. The fitting with the “Perspex” dish and the toughened glass 
sheet behind it exhibited by the lecturer was an example of what could be done. It 
had applications in other ways than coal-face fittings, and he felt sure they could look 
to the manufacturers to help in solving this problem. 


Mr. J. Cowan (H.M. Principal Electrical Inspector of Mines, Ministry of Fuel 
and Power) said that the Paper which had been submitted covered the problem quite 
extensively, including, as it did, reference to information from many sources. 

The material generally known as “ Perspex ” was first considered for mine lighting, 
to his knowledge, about three or four years ago, as a result of the suggestion to use 
fluorescent tubes in coal-face lighting fittings. The difficulty of obtaining suitable glass 
enclosures for the relatively large tubes focused attention on the possible use of 
“Perspex” as a substitute. 

He doubted if the extent of the coal-face lighting trials so far made could be 
classed as large-scale. At the moment, he believed, six collieries had installations of 
coal-face fluorescent lighting, and at one of these collieries, where there is no shot-firing, 
such an installation had been in use since mid-1947. Examinations made of the 
apparatus from time to time showed scratches on the outer surface of the “* Perspex,” 
varying from mere scratches to at least one cut almost 1-16th in. deep. 

There does not appear to have been any serious damage to the apparatus at this 
particular colliery, but the story was rather different in at least one colliery during last 
year, where shot-firing was carried out as part of the coal-getting process, and where 
no special care had been taken to protect the fittings against damage from flying debris 
or pieces of rock. Twenty-two fittings were installed originally, but within four months 
15 “ Perspex” covers had been shattered and five covers cracked. In eight units the 
tubes were broken along with the “Perspex” covers. Eleven cable ends had been 
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drawn out of the fittings, and much of the outer sheathing of the pliable wire-armourg 
cable supplying the fittings had been split or otherwise damaged. This was admitted) 
a bad case, but he suggested it was necessary to give very careful consideration jp 
the problem of shot-firing as it affects coal-face lighting, and every precaution must 
taken to protect the apparatus against damage from this source. 

Mr. Cowan considered it interesting to note that the impact strength of “ Perspex’ 
covers had been increased from 60 in.-lb. to 120 in.-lb. in an attempt to resist damag 
from shot-firing and other sources, and this was, no doubt, a step in the right direction, 
He was rather doubtful, however, if manufacturers could be expected to supply lighting 
fittings which could be expected to withstand the maximum force which might resuji 
from shot-firing. 

Apart from damage to fittings, flexible cables on the face are often subjected to 
damage from such a source, and detonator wires and stones have often been found 
embedded in flexible cables on the coal face. This has been one of the mining problems 
for years. 

On a number of occasions cement dust has been found falling from fittings, 
apparently from the joint between the “Perspex” shaping and its metal housing 
Perhaps the authors could say whether this was due in some way to the differential 
expansion between the shaping and its metal housing, as the fitting becomes heated 
in operation. Cracks had also appeared in the “ Perspex” cover, apparently originat- 
ing at the bolt holes. Could the authors comment on the possible reason for this? 

Finally, Mr. Cowan mentioned a case in which a tungsten lamp, a little larger 
than the size specified for a particular bulkhead fitting, had been inserted, and there 
had been a demoulding of the “ Perspex” material. 


Mr. J. G. HoLMEs said that it must always be remembered that glass and plastics 
such as methacrylate. were two quite different materials whose only similarity was in 
their appearance. The properties were fundamentally different, particularly the thermal 
properties, and it was general experience that, rather than being competitive materials 
in the field of lighting equipment, they were complementary materials each having 
its own field of application. For example, a coal face lighting unit with a fluorescent 
lamp two or three feet long would use plastics because glass was both unnecessary 
and inappropriate, but a flameproof lighting unit containing a relatively small filament 
lamp of higher wattage and therefore of high temperature would require glass, because 
plastics as we know them to-day would be unsatisfactory in a fitting of reasonable 
dimensions. The same distinct delineation between the fields of application of the 
two materials was found in many other aspects of lighting. 

It was, therefore, quite reasonable for the authors to say that B.S.S. 889 was un- 
suitable for the assessment of the performance of plastics. As they had indicated, 
this specification was based on the properties of glass rather than on the service 
requirements in coal mines, and the only test which bore any direct relationship to 
service conditions was the internal pressure test of up to 150 Ibs./sq. in. which is 
applied to all flameproof glasses. For example, the impact test for the glass in 
B.S.S. 889 was chosen to ensure adequate toughening of the glass and the temperature 
rise test for the fittings was chosen to ensure generous dimensional design rather thas 
to represent in any way the temperature conditions obtained in a coal mine. The 
authors had shown that the properties of acrylic plastics were capable of fairly precise 
definition, and Mr. Holmes welcomed the suggestion that a new British Standard 
Specification should be written around these properties, and those of the polystyrene 
plastics, for the application of such materials to flame-proof equipment. He believed 
that the field tests which had been made with fluorescent lamps and acrylic enclosures 
would have given some very useful information regarding the service conditions and 
it would, for example, be relatively easy to determine the maximum temperature 
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rise permissible in a fitting using acrylic plastics. We knew that the inside surface 
temperature must nowhere exceed 85-90 deg. C. and for average thicknesses this 
meant that the outside surface temperature must not exceed 65-70 deg. C. Cor- 
responding figures could doubtless be stated for other plastics and for specific thick- 
nesses. If the maximum ambient temperature in coal mines were stated, the 
specification for the temperature rise of a particular fitting could be written with 
direct reference to service conditions. This particular example was perhaps a favour- 
able one, because the temperature limitatien of acrylics was fairly precisely known, 
but he believed that investigation would show that the other requirements might 
be covered in a somewhat similar fashion, and he hoped that the drafting of a 
specification could be approached in this way. 


Mr. Bowp referring to breakage of “ Perspex” covers on trial at one of the 
collieries, mentioned by Mr. Cowan, said it was true that in the early stages, when 
covers blown from cast sheet were used, there was a lot of trouble with breakages. 
But since then the technique of shaping the covers had been considerably improved 
by the drawing-in process and the covers were now of a uniform thickness of }-in. 
Since new covers of that type had been used he was not aware that there had been 
any trouble. This supported the statement by Dr. Harper that a considerable increase 
in strength was obtained by the drawing-in process as against the blowing process. 


Mr. SHAW said he had seen two }-in. plates put together to make a 1-in. plate. 
Itwas found that the blowing process was not satisfactory and the vacuum process 
was used. The authors seemed more prone to the blowing process but that was the 
reverse of what he had seen in his small experience. 


Mr. WILLOUGHBY said it occurred to him that the demoulding characteristics 
of particularly, a round dome, might be considerably affected by a suitable clamping 
fing which would stop the outer diameter from increasing as the disc tried to flatten. 
Had any experiments along those lines been carried out? 


Mr. D. A. STRACHAN endorsed the view that a new British Standard Specification 
should be drafted dealing with plastic enclosures. Referring to the effect of local heating 
upon plastic enclosures, he said that in one particular type of coal face fitting that 
had been a drawback. The acrylic enclosure was in the form of a cylinder of fairly 
small diameter and at a point adjacent to the lamp electrodes, discoloration and 
blistering had taken place. The insertion of a small metal shield and increasing 
the diameter of the enclosure overcame the difficulty. Referring to the two rather 
opposite requirements—the fittings must be robust and yet light in weight for ease cf 
handling—he said that these and other factors rather limited freedom of design but 
it might be that developments in the future would produce somewhat different fittings. 
So far as the National Coal Board was concerned he suggested that one of the 
principal objects of the experimental installations was to prove that coal face lighting 
was a practical possibility, and he believed that to some extent this had been done 
under certain conditions. One major difficulty was that scratches became ingrained 
with dirt and the life of the enclosures was really governed by that more than, any- 
thing else. After a certain time the loss of light transmission was considerable. 
The incorporation of a wire guard or skid would probably improve matters. He 
did not think repolishing of the covers was really practicable because there was no 
means of knowing when the “safety limit’ had been exceeded. Finally, Mr. 
Strachan asked for some information on cast or extruded cylinders. 


Mr. S. S. Beccs asked for information about scratching or abrasion in ordinary 
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usage of the covers and also the accumulation of dust and dirt on these abrasion 
The paper stated that an abrasion did not weaken the material; did that apply y 
fluted material? He understood that glass was weakened as the result of tests, evq 
if it passed the test satisfactorily. Did that apply also to plastics? 


Mr. S. ANDERSON suggested that the reports of failures during the early tests undy 
mining conditions might give rather a biased picture, and it would be interesting y 
know the incidence of trouble with other equipment at the coal face. He had m 
doubt that failures due to the very rough conditions were high in general, and althoug) 
it was a good thing to strive for the utmost reliability, it might be that we wer 
already approaching the reliability experienced with other equipment used at the cod 
face. 


Mr. CRAWFORD, replying to Mr. Anderson, said the Coal Board was striving fy 
the best that could be obtained. Early experience with these fittings at the coal fag 
was not satisfactory, and if something better could be obained it was highly desirabk, 
Buti there ‘was a real hazard here. Power plant used at the coal face had been » 
improved over the years until, now, whatever the miner did to it, it was practically 
impossible for him to break it. A lighting fitting was something different. It wa 
fairly light, fairly small, and it was a constant source of danger—as a cable was- 
and therefore every endeavour must be made to get the very highest factor of safety, 
The ideal might not be reached and something halfway might have to be accepted; 
but he was sure that Mr. Cowan would agree that if it was not as safe as it should 


be, every possible step must be taken to extend the degree of safety as far as could 
be done. 


Mr. Cowan said the colliery to which he had referred had the installation las 
year, and he did not know whether they were the very old “ Perspex” dishes. Bui 
the point he would make was that he did not think it would ever be possible to malt 
a lighting fitting, with its associated cables, quite as strong as the average type of 
apparatus used for power work and other work at the coal face. In other words, he 
thought precautions should be taken to ensure that the effect of shot-firing should no 
be felt by the lighting fittings. It might be that some day fittings would be stron 
enough to withstand such a force, but, as the authors had pointed out, actual evidence 
of the force sustained from shot-firing had not yet been properly assessed. The effect 
of shot-firing was variable. It might be that there was some hope in the future fora 
design which was as strong as the coal-face apparatus, but he did not think that tim 
had yet arrived. He was bound to add that colliery engineers were taking the greates 
care that the force from any shot should not, if possible, be allowed to come int 
contact with lighting equipment and its associated cables and plugs. 


THE PRESIDENT remarked that the Society very much appreciated the franknes 


with which these important matters had been ventilated in the replies by Mr. Crawford 
and Mr. Cowan. 


Mr. H. S. ALLpress felt that although the colliery industry had developed it 
safety technique as highly as any other, a number of the stipulations, maxima a0 
minima and the like, were based upon past practice and appeared to have very littl 
scientific foundation. Some of the electrical regulations were difficult to understand 
and to some extent thet was true of Specification 889; when the authors suggestel 
a new specification for mine fittings with plastic fitments, possibly the matter might 
gone into a little deeper. What was required was a careful examination of the whol 


176 Trans. Illum. Eng. Soc. (Landn), 





ACRYLIC ENCLOSURES FOR FLAMEPROOF LIGHTING EQUIPMENT: DISCUSSION 


nosition of standard specifications relating to mining lighting fittings and possibly a 
new basic specification, with suitable additions for glass or plastics in line with 
B.S.S. 229 for flameproof enclosures. The present specification did not cover the 
inimum performance of flameproof lighting enclosures; it was for an acceptable 
type of lighting fitting for certain Government departments and had become a condition 
of certification. He therefore parted company from Dr. Harper in connection with 
paragraph (1.1) in which attention was drawn to the fact that B.S.S. 889 and 229 
should be taken as criteria for future tests. For example, it was very difficult to see 
the reason for the 50 deg. temperature rise for group I gases. Was Dr. Harper just 
asking for a similar rise? There were things in the existing specification for glass 
that were perhaps not absolutely necessary for the safe performance of the comple'e 
fitting. There should be a code of practice or a code of requirements or some sort 
of specification of minimum strength, etc., for flame proof lighting fittings to which 
manufacturers could work, offering something above or within those conditions as 
economics demanded. The new specification should be drafted by a panel which 
should be supplied with particulars of the requirements of the Coal Board for coal 
mining and should, therefore, be able to set desirable standards in respect of the 
hazards in coalmines as distinct from hazards in other industries. 

Finally, he said he was sorry there was no reference in the paper to the sealing 
of flame proof joints. Was it confirmed that allowance must still be made for the 
use of some sealing compound like cement around the plastic? He hoped the time 
would come when the technique of mounting “ Perspex ” would be so developed that it 
would not be necessary to have this brittle cement, or alternatively it would be possible 
to employ some entirely new sealing arrangement. 

In regard to the strength tests, for instance, Mr. Collins had shown the relative 
strength on impact between glass and “ Perspex,” and showed the results with a 9-in. 
disc. He took it that this test was done with a round-nosed hammer, as in B.S.S. 889, 
although, of course, it was not possible to insist by regulation that all fragments coming 
from the coal face should have a minimum radius! Fragments were also liable to be 
pointed and therefore a comparison of the effect of test with a pointed hammer on 
glass and “ Perspex ” would be interesting and be a more practical guide to performance 
in service. 


Mr. R. PELERIN asked for information on cast “ Perspex” and similar tubes, and 
added that there were many fittings, not necessarily flameproof, which would make 
use of “ Perspex ” tube of, say, 4 or 5 inches diameter and even greater. Would samples 
of cast or extruded tubes be available in the future with a view to getting prototypes 
for railway and general lighting fittings ? 


Dr. HARPER, replying to the discussion, dealt with the questions in the reverse order 
to that in which they were put. 

In reply to Mr. Pelerin, he said that work on the strength of cast acrylic tubes 
was in progress, but the data would not be available for some time. Some samples 
of cast tube were shown, and it was hoped that they would be in production in a few 
months. Extruded acrylic tubes of the size mentioned were not yet available in 
this country. 

Regarding Mr. Allpress’s remarks, the data given in the paper relating impact 
strength to thickness summarised values obtained experimentally, and it was not 
suggested that they should be incorporated in a specification. There was no reason 
why the proposed impact test should not be made with a pointed hammer if this was 
thought best, but, as shown in the paper, methacrylate had a lower strength when a 
tound-nosed hammer was used, and the authors proposed that the test should be made 
under the most severe conditions. It would be a great advantage if cementing could 
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be avoided, but experiments made at Buxton showed that if a machined face on th 
methacrylate enclosure was bolted directly to a machined face on the casting, repeate 
internal explosions could score the methacrylate and open a gap at this interface, 

The weakening of the material under repeated blows, mentioned by Mr. Begg, 
was covered in the written paper. On the question of light loss through dirt in abrady 
scratches, operational data was required, and the N.C.B. were the only people why 
could give it. 

Data which would enable the authors to answer the question put by Mr. Willoughby 
on demoulding was not available, but on general grounds they would expect distortion 
to occur, which would rank as demoulding. 

In reply to Mr. Shaw, there was no prejudice in favour of blowing as againg 
vacuum forming. It was used experimentally because of its greater convenience. 
In practice both methods are used. 

The authors entirely agreed with Mr. Holmes’s point about the need for oper. 
tional data. This was most urgently required before drafting of a new specification 
could commence. 

Mr. Cowan had mentioned dust noticed near some fittings. Dr. Harper agreed 
that this probably came from the cement, and stated that the cements at present in 
use were not wholly satisfactory, as they did not bond well to methacrylate. Modified 
cements were being investigated, but the problem was not easy. 

He agreed with both Mr. Cowan and Mr. Crawford that the ideal must be aimed 
at. The first step towards its attainment lay in the correlation of laboratory and 
operational data. 





Additions to List of Members 


The following applicants have been duly elected by the Council to membership in the 
Society, and their names have been added to the list of members. 
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Perens A. 2. S.. eect. 7, Willersey Road, Moseley, BIRMINGHAM, 14. 


Register of Lighting Engineers 


The Council have accepted the following applications for inclusion on the Register of 
Lighting Engineers : — 


C. B. Brassington, J. S. Childs, N. E. Hammond, A. E. Hole, 
J. E. Parker, W. Robinson, I. R. Smith, H. A. Turner. 
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Honorary Membership 


lt was announced at the Sessional Meeting held in London on March 8, 1949, that 
Honorary Membership of the Society had been awarded to Mr. Howard Long. The 
ward of the certificate was made to Mr. Long at the Annual General Meeting at Buxton 
n May 18, 1950. 

Following this, the President, Dr. J. N. Aldington, recalled that the Society were 
‘powered to appoint not more than one honorary member each year, the total number 
any one time being limited to six. He then announced that, in acknowledgment of 
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his numerous and valuable contributions to the advancement of the art and sciend 
of lighting and in recognition of the eminence he had attained thereby, the Coute 
of the Society now appointed Dr. Ward Harrison, of the United States of Amen 
to be an honorary member. The announcement was received with enthusiasm. ! 
President said that it was regretted that Dr. Harrison could not be present to receiv 
the certiticate recording the award in person, but that it was hoped to make arrang 
ments for it to be presented to him by the President of the I.E.S. of America. 

The certificates to Mr. Long and to Dr. Harrison are hand drawn on vellut 
They are reproduced above. 
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